Background Neonatal jaundice is one of the most common
H yperbilirubinemia is a common and, in most cases, benign problem in neonates. 1 The bilirubin level in all newborn infants, term or premature, increases in the few days after birth. 2 Hyperbilirubinemia can progress to complications such as encephalopathy (kernicterus), although this is rare. 3 Jaundice is the visible manifestation of elevated serum concentrations of bilirubin in the skin and sclera. 4 Clinical jaundice is visible when the serum bilirubin level reaches 5 -7 mg/dl, so it is necessary to use another objective parameter to detect hyperbilirubinemia in healthy term newborns before we measure serum bilirubin level. 3 Ten percent of term infants and 25% of nearterm infants have significant hyperbilirubinemia requiring phototherapy. 5 Phototherapy has remained the standard of care for hyperbilirubinemia treatment of infants for four decades. efficient phototherapy rapidly reduces serum bilirubin concentration. 6 The efficacy of phototherapy is influenced by the following factors: the wavelength delivered, the irradiance of the phototherapy, and the infant surface area exposed to phototherapy. 4 Placing the light source closer to the infant may increase the irradiance of overhead phototherapy systems. 7 our study aimed to compare the effectiveness of phototherapy at a 20 cm distance between the light source and the neonate to phototherapy with a 40 cm distance for decreasing total serum bilirubin levels.
Methods
This randomized, open-label, controlled trial was conducted between August 2009 and March 2010 at H. Adam malik and Pirngadi Hospitals, medan, North Sumatera, Indonesia. Term newborns with total serum bilirubin levels above 10 mg/dL and preterm newborns with total serum bilirubin level above 12 mg/dL, who presented with neonatal jaundice in the first week of life were eligible for the study. exclusion criteria were as follows: multiple congenital anomalies, birth weight below 1000 grams, direct hyperbilirubinemia, term newborns with serum bilirubin level ≥25 mg/dL and preterm newborns with serum bilirubin level ≥17 mg/dL. Informed consent was obtained from subjects' parents or guardians.
After enrollment, participants were randomly assigned to receive phototherapy at either a 20 cm distance or a 40 cm distance. The phototherapy units were manufactured by Tessna, USA (Tessna phototherapy unit with five compact blue fluorescent lamps) with wavelength 452-475 nm.
All infants who received phototherapy were placed in bassinets. The safety of both methods was assessed and compared by monitoring subejcts' body temperature, hydration status (monitored clinically and by weighing), skin problems (such as rashes) and gastrointestinal problems (such as loose stools or feeding intolerance). Phototherapy was stopped if we found dehydration, hyperthermia, lethargy, irritability or serum bilirubin level decreased more than 2 mg/ dl compared to the serum bilirubin level limit for phototherapy.
Total serum bilirubin level and light intensity were measured at baseline, as well as after 12 hours and 24 hours of phototherapy. Light intensity was measured as spectral irradiance (µW/cm 2 /nm) using a light intensity meter (Dale 40, USA).
The minimum sample size required was estimated to be 30 newborns for each group. The significance level was accepted as P<0.05 with a 95% confidence interval (95% CI). Numerical variables were compared using ANoVA. Independent t-test was used to compare the reductions in total serum bilirubin levels.
This study was approved by medical ethics Committee at the university of North Sumatera medical School.
Results
of the 67 newborns with neonatal jaundice in the first week of life, 4 newborns' parents/guardians refused to participate in the study. of the 63 newborns enrolled, 31 newborns received phototherapy from a 20 cm distance while the other 32 newborns received phototherapy from a 40 cm distance. Three infants (one from the 20 cm group and two from the 40 cm group) were excluded from the final analysis because of broken blood specimens tubes (Figure 1) . The baseline characteristics of subjects are shown in Table 1 . During follow up ( Table 2) , total serum bilirubin at 12 hours and 24 hours were significantly different between the groups (P=0.001). On both follow-up time points, we found lower serum bilirubin levels in the 20 cm distance phototherapy group.
The decreases in total serum bilirubin levels at follow-up were greater in the 20 cm group than in the 40 cm group, at both 12 and 24 hours (P=0.001). In the 20 cm distance phototherapy group, we also noted an greater decrease in total serum bilirubin ( Table 3) .
In our study, the light intensity was 13-14 µW/ cm 2 /nm for the 20 cm group and 6-7 µW/cm 2 /nm for the 40 cm group.
Discussion
Hyperbilirubinemia is the most common health problem during the early neonatal period. 3 Jaundice is observed during the first week of life in approximately 60% of term infants and 80% of preterm infants. 1 most jaundice is benign, but because of the potential toxicity of bilirubin, newborn infants must be monitored to identify those who might develop severe hyperbilirubinemia and, in rare cases, acute bilirubin encephalopathy or kernicterus. 8 In our study, we used phototherapy as a treatment to reduce total serum bilirubin in neonatal jaundice patients. Phototherapy is now the preferred method of Completed the study (n = 30) treatment for neonatal hyperbilirubinemia by virtue of its noninvasive nature and its safety. 9 Phototherapy also converts native bilirubin, by an irreversible reaction, to the structural isomer lumirubin, which is excreted by the kidneys in the unconjugated state. 1 We found that the spectral irradiance produced by phototherapy at a 20 cm distance between the light source and the neonate was approximately 2 times greater than phototherapy at a 40 cm distance. The light intensities were 13-14 µW/cm 2 /nm and 6-7 µW/ cm 2 /nm, for 20 cm and 40 cm distance phototherapy groups, respectively. A previous study found that the rate of bilirubin decline was proportional to light intensity, suggesting that phototherapy of higher intensity would increase effectiveness. 9 The efficacy of phototherapy depends on the irradiance of the light source. Irradiance is measured with a radiometer or spectroradiometer in units of watts per square centimeter or in microwatts per square centimeter per nanometer. 10 The American Academy of Pediatrics defines intensive phototherapy as a spectral irradiance of at least 30 µW per square centimeter per nanometer over the same bandwith delivered to as much of the infant's body surface area as possible. 2, 8, 10 multiple phototherapy units and the use of reflecting curtains in phototherapy are used to increase the light intensity and thus improve the efficacy of phototherapy. 11 Conventional phototherapy involves exposing a maximal area of skin to an irradiance of 6 to 12 µW/cm 2 /nm. 4 In the present study, we used blue light phototherapy units with wavelength 452-475 nm. other studies have reported that the bilirubin molecule, responsible for the yellow skin color of jaundiced babies, was most sensitive to light in the blue and blue-green regions of the visible spectrum. 12 bilirubin is a yellow pigment, and most likely to absorb blue light at approximately 450 nm. 6, 13 For treatment of hyperbilirubinemia, light in the range of approximately 400-500 nm with a peak at 460 ± 10 nm, is considered the most effective. 14 The efficacy of phototherapy depends on irradiance (light intensity), the quality of light (optimal in the blue-green region of the wavelength at 400-500 nm), the distance of the light source from the infant, the surface area of the infant exposed to light, and the duration of exposure. 15, 16 In our study, the infants wore only diapers and eye patches during phototherapy. An infant being treated with phototherapy is placed in the bassinet (preferably naked) with eyes shielded. 6 To maximize the dose at a given irradiance, infants are routinely nursed naked while receiving conventional overhead phototherapy. Information about the efficacy of the dose response effect of phototherapy by increasing skin surface area exposure has been derived from several studies. 17, 18 In our study, infants were put in bassinets at a distance of 20 cm or 40 cm from the light sources. The total serum bilirubin levels were measured at baseline, 12 hours and 24 hours of phototherapy in both groups with significantly different decreases in levels. The reduction of bilirubin after 12 hours of phototherapy in the 20 cm group was significantly greater than that of the 40 cm group. Our results suggest that nearer distance phototherapy may safely increase the treatment efficacy. There is a direct relationship between the irradiance used and the rate at which the level of total serum bilirubin declines. 10 The light intensity (measured as spectral irradiance) is inversely related to the distance from the source. The relationship between intensity and distance was shown to be almost linear. 19 Placing the lamps 15 -20 cm from the infant increased the surface area. 1 Increasing the surface area exposed to phototherapy will significantly improve its efficacy. Past studies reported that the infant must be in a bassinet, not an incubator, so that the light can be brought to within 10 cm of the infant. 2, 8 In a study in Iran, the 20 cm distance between the light source and the skin surface provided a rapid and more effective bilirubin reduction with a shorter duration of phototherapy than that of 40 cm distance, probably due to higher spectral irradiance in neonates. 20 We observed no side effects of phototherapy in our subjects at a 20 cm distance from the light source. Exposure from a 20 cm distance was well-tolerated and no significant differences between the two groups were observed in terms of phototherapy side effects, such as troublesome skin rashes, burns, clinical dehydration, or lethargy. 20 Another study reported that naked term infants did not become overheated at a 10 cm distance from the phototherapy light source. 8 During the study period, body temperature and fluid administration were strictly monitored. Fluid need was increased by up to 20% of the total fluid need. Temperature and hydration status should be monitored. 6 A Dutch study found that during intensive phototherapy, a 20% increment of total fluid requirement may prevent increased body temperature. 21 In conclusion, phototherapy at a 20 cm distance between the light source and neonate is more effective than phototherapy at a 40 cm distance for reducing serum bilirubin levels in term infants with hyperbilirubinemia.
